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TABLE |—TEMPERATURE VERSUS TIME SEQUENCE—Continued
Use linear interpolation between hourly temperatures
Time (min) Temp. ( °F) Time (min) Temp. ( °F) Time (min) Temp. ( °F)

2340 82.8 2400 80.9 2460 79.0
2520 77.2 2580 75.8 2640 74.7
2700 73.9 2760 73.3 2820 72.6
2880 72.0 2940 725 3000 75.5
3060 80.3 3120 85.2 3180 89.4
3240 93.1 3300 95.1 3360 95.8
3420 96.0 3480 95.5 3540 941
3600 91.7 3660 88.6 3720 85.5
3780 82.8 3840 80.9 3900 79.0
3960 77.2 4020 75.8 4080 74.7
4140 73.9 4200 73.3 4260 72.6
4320 72.9

[568 FR 16070, Mar. 24, 1993]

APPENDIX IIT TO PART 86—CONSTANT
VOLUME SAMPLER FLOW CALIBRATION

The following calibration procedure out-
lines the equipment, the test setup configu-
ration, and the various parameters which
must be measured to establish the flow rate
of the constant volume sampler pump. All
the parameters related to the pump are si-
multaneously measured with the parameters
related to a flowmeter which is connected in
series with the pump. The calculated flow
rate (ft3rev@ pump inlet absolute pressure
and temperature) can then be plotted versus
a correlation function which is the value of
a specific combination of pump parameters.
The linear equation which relates the pump
flow and the correlation function is then de-
termined. In the event that a CVS has a mul-
tiple speed drive, a calibration for each
range should be performed.

This calibration procedure is based on the
measurement of the absolute values of the
pump and flowmeter parameters that relate
the flow rate at each point. Three conditions
must be maintained to assure the accuracy
and integrity of the calibration curve. First,
the pump pressures should be measured at
taps on the pump rather than at the external
piping on the pump inlet and outlet. Pres-
sure taps that are mounted at the top and
bottom center of the pump drive headplate
are exposed to the actual pump cavity pres-
sures, and therefore reflect the absolute
pressure differentials. Secondly, temperature
stability must be maintained during the
calibration. The laminar flowmeter is sen-
sitive to inlet temperature oscillations
which cause the data points to be scattered.
Gradual changes (#2 °F) in temperature are
acceptable as long as they occur over a pe-

riod of several minutes. Finally, all connec-
tions between the flowmeter and the CVS
pump must be absolutely void of any leak-
age.

During a CVS emissions test the measure-
ment of these same pump parameters enables
the user to calculate the flow rate from the
calibration equation.

After the calibration curve has been ob-
tained, a verification test of the entire sys-
tem can be performed by injecting a known
mass of gas into the system and comparing
the mass indicated by the system to the true
mass injected. An indicated error does not
necessarily mean that the calibration is
wrong, since other factors can influence the
accuracy of the system.

Equipment:

The following list of equipment will be
needed to perform this calibration proce-
dure. Figure 1 illustrates a typical equip-
ment arrangement used for calibration. All
of the equipment involved should conform to
the range and accuracy as specified in Figure
1.

Equipment List:

1. LFE—Laminar Flowmeter

2. Micromanometer

3. Thermometer

4. Timer

5. U-Tube Manometers

6. Temperature Indicator with type J
Thermocouples

7. A variable flow restrictor with appro-
priate piping to connect the CVS pump and
LFE.

After the system has been connected as
shown in Figure 1, set the variable restrictor
in the wide open position and run the CVS
pump for twenty minutes. Record the cali-
bration data.

CALIBRATION DATA MEASUREMENTS

Parameter

Symbol Units Tolerance

Barometric pressure (corrected) ...

Pg e “HY e +.01 “Hg.
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CALIBRATION DATA MEASUREMENTS—Continued

Parameter Units Tolerance
Ambient temperature ..........ccoeeeeiiieneneeeee s +.5 °F.
Air Temperature into LFE ...................... +.1°F.
Pressure depression upstream of LFE .. +.1“H20.
Pressure drop across the LFE matrix +.005“H20.
Air temperature at CVS pump inlet ... +.5 °F.
Pressure depression at CVS pump inlet +.05"Fluid.
Specific gravity of manometer fluid ...
Pressure head at CVS pump outlet ... +.05"Fluid.
Air temperature at CVS pump outlet (optional) +.5 °F.
Pump revolutions during test period ................. None.
Elapsed time for test period ............ccccverminiecneinninecices +.05 Seconds.

NoOTE: The fluid level in the manometer tube should stabilize before the reading is made and the elapsed time for revolution

counting should be greater than 120 seconds.

Reset the restrictor valve to a more re-
stricted condition in an increment of pump
inlet depression (about 4” H,O) that will yield
a minimum of six data points for the total
calibration.

Allow the system to stabilize for 3 minutes
and repeat the data acquisition.

Data Analysis:

The data recorded during the calibration
are to be used in the following calculations.

1. The air flow rate at each test point is
calculated in standard cubic feet per minute
(Qs) from the flowmeter data using the man-
ufacturer’s prescribed method.

2. The air flow rate is then converted to
pump flow, Vo, in cubic feet per revolution
at absolute pump inlet temperature and
pressure.

Vo = Qs/n x Ty/530 x 29.92/P,

where:

Qs=Meter air flow rate in standard cubic feet
per minute (flowmeter standard conditions
are 70 °F, 29.92 ‘‘Hg).

n=Pump speed in revolutions per minute.

P,=Absolute pump inlet pressure, in (‘‘Hg).

P,=Ps-PPI (SP.GR./13.57), T}, = PTT + 460.

3. The correlation function at each test
point is then calculated from the calibration
data, as follows:

—

AP,
X, == !

AP, The pressure differential from pump
inlet to pump outlet in (‘“Hg).

AP, = P.— P,

P.=Absolute pump outlet pressure, in (‘‘Hg).

P, =Pp+ PPO (Sp. Gr./13.57)

See §86.177-22 for other definitions.

4. A linear least squares fit is performed to
generate the calibration equations which
have the forms
Vo = Do —M(Xo)
n=A-B(®P,)

Do, M, A, and B are the slope-intercept
constants describing the lines.

A CVS system that has multiple speeds
should be calibrated on each speed used. The
calibration curves generated for the ranges
will be approximately parallel and the inter-
cept values, D,, will increase as the pump
flow range decreases.

1
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-0
EDP CVS Calibration Configuration
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Surge
Control
PTI R PPI vValve
Thermometer T
Temperature
Indicator @) '&'
' PPO
PTO
Revolutions N T
Seconds t
Unit Range Accuracy
ETI 0-100 °F t .1 °F LJ
LFE EPI 0-10 "H20 + .1 "Hp0
EDP 0-10 "H20 t .005 "Hp0
PTI 0-250 °F t .5 °F
PPI 0-36 "Fluid ¥ .05 "Fluid
PPO 0-36 "Fluid + .05 "Fluid
Pump PTO 0-250 °F * .5 °F
N 0-100,000 to
t 0-10,000 secs. + .05 secs.
Note: Fluid used in 36 inch manometer should

extend range to at least 0-60 "H20. Separate
manometers for PPI and PPO may be used during

calibration.

Figure I—CVS Calibration Configuration

If the calibration has been performed care-
fully, the calculated V, values from the
equation will be within +.50% of the meas-
ured value of V,. Values of M will vary from
one pump to another, but values of D, for
pumps of the same make, model, and range
should agree within +3 percent of each other.
Particulate influx from use will cause the
pump slip to decrease as reflected by lower
values for M. Calibrations should be per-
formed at 0, 30, 100, 200, 400, etc. hours of
pump operation to assure the stability of the
pump slip rate. Analysis of mass injection
data will also reflect pump slip stability.

CVS System Verification:

The following technique can be used to
verify that the CVS and analytical instru-
ments can accurately measure a mass of gas
that has been injected into the system.

1. Obtain a small cylinder that has been
charged with pure propane or carbon mon-
oxide gas (caution—carbon monoxide is poi-
sonous!). Critical flow orifice devices can
also be used for constant flow metering.

2. Determine a reference cylinder weight to
the nearest 0.01 gram.

3. Operate the CVS in the normal manner
and release a quantity of pure propane or
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carbon monoxide into the system during the
sampling period.

4. The calculations of §86.177-22 are per-
formed in a normal way except, in the case
of propane, the density of propane (17.30
grams/cu./ft./carbon atom) is used in place of
the density of exhaust hydrocarbons. In the
case of carbon monoxide, the density of 32.97
grams/cu. ft. is used.

5. The gravimetric mass is subtracted from
the CVS measured mass and then divided by
the gravimetric mass to determine the per-
cent accuracy of the system.

6. The cause for any discrepancy greater
than +2 percent should be found and cor-
rected. The following list of parametric er-
rors may assist the operator in locating the
cause of large errors.

Positive Error (Indication is higher than
true value):

1. Calculated V, is greater than actual V,.

a. Original calibration in error.

2. Pump inlet temperature recorder is read-
ing low. A 6 °F. discrepancy will give a 1 per-
cent error.

3. Pump inlet pressure indicator is reading
high. A 3.5 in. H,O high reading will give 1
percent error.

4. Background concentration reading is too
low. Check analyzer zero. Check leakage at
floor inlet.

5. Analyzer is reading high. Check span.

6. Barometer reading is in error (too high).
Barometric pressure reading should be grav-
ity and temperature corrected.

7. Revolution counter is reading high
(Check pump speed and counters.)

8. Mixture is stratified causing the sample
to be higher than the average concentration
in the mixture. Negative Error (Indication is
lower than true value):

1. Calculated V, is less than actual V,.

a. Original calibration in error.

b. Pump clearances decreased due to influx
of some surface adherent material. Re-
calibration may be needed.

2. Pump inlet temperature recorder is read-
ing high.

3. Pump inlet pressure indicator is reading
low.

4. Background concentration reading is too
high.

5. Analyzer is reading low.

6. Barometer reading is in error (too low).

7. Revolution counter is reading low.

8. There is a leak into the sampling sys-
tem. Pressure check the lines and fittings on
the intake side of sample transfer pumps on
both the CVS and analyzer console.

[42 FR 33000, June 28, 1977]
APPENDIX IV TO PART 86—DURABILITY
DRIVING SCHEDULES

(a) Durability Driving Schedule for Light-
Duty Vehicles and Light-Duty Trucks.

Pt. 86, App. IV

The schedule consists basically of 11 laps of
a 3.7 mile course. The basic vehicle speed for
each lap is listed below:

Speed
Lap miles per
hour

- 2 OO NOUHA»OWN =
(]
o

- O
o
o

During each of the first nine laps there are
4 stops with 15 second idle. Normal accelera-
tions and decelerations are used. In addition,
there are 5 light decelerations each lap from
the base speed to 20 m.p.h. followed by light
accelerations to the base speed.

The 10th lap is run at a constant speed of
556 m.p.h.

The 11th lap is begun with a wide open
throttle acceleration from stop to 70 m.p.h.
A normal deceleration to idle followed by a
second wide open throttle acceleration oc-
curs at the midpoint of the lap.

(b) Durability Driving Schedule for Motor-
cycles. The Durability Driving Schedule for
Class III Motorcycles may be used for Light-
Duty Vehicles and Light-Duty Trucks.

The schedule consists basically of 11 laps of
a 6.0 km (3.7 mi) course. The basic vehicle
speed for each lap is listed below:

SPEED (KILOMETERS PER HOUR)

Lap Class | Class Il | Class lll

65
65
55
45
55
55
70
55

- =242 O O~NOUA~WN =

During each of the first nine laps there are
4 stops with 15 second idle. Normal accelera-
tions and decelerations are used. In addition,
there are 5 light declerations each lap from
the base speed to 30 km/h followed by light
accelerations to the base speed.

The 10th lap is run at a constant speed.

The 11th lap is begun with a wide open
throttle acceleration from stop. A normal
deceleration to idle followed by a second
wide open throttle acceleration occurs at the
midpoint of the lap.
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